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Industry

e [Limited inclusion in
ANDASs

* Conventionally used
in

— Model based product
design

- BE study design and
assessment

Quantitative Approaches for Generics
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Regulatory

Complex products, e.g.,
Copaxone

Locally acting products:
topical, nasal, inhalation,
ocular, and GI

NTI

Long acting injectable
proaucts

Drugs with steep
exposure-response
relationships

In vitro BE assessment

Safety surveillance
Others
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Modeling & Simulation for Generics

Industry
Design Formulation Conduct BE or

Encourage Perform M&S

Innovations

Propose

Determine TE of T and R; Develop Critical Quality Attributes (CQA);

Novel BE Approaches; Approve More Clinically Relevant Specifications
Complex Drug Products

Evaluate

Perform M&S

Regulatory Evaluation

Diagram by Dr. Robert Lionberger
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Analyt1cs for complex mixtures
Systems pharmacology

Risk models

Business process models

Core DQMM Tool Set

Non-Oral Drug
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Oral Drug
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Our Goal is to support
> Generic drug research
» Policy development

-

Release/
Absorption/

Models

Big Data

Pharmaco

metrics

> Regulatory decisions

PK-PD model

Population model
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Regulatory impacts o

Post-market
Evaluation of \/ \/ \] \

Generic Drugs

Equivalence of

Complex \/ \/ \/

Products

Equivalence of

Locally Acting

Products \/ \/

Therapeutic

Equivalence \/ \/ \/ N

Evaluation and
Standards



Physiologically based absorption and PK models

Drug substance

) In vivo
Formulations Model

: performance
In vitro performance

,; f Frontal Sinuses
|

Turbinates superior
middle
inferior

D\
Nasal cavity

Vitreous Gel(body)

Iris

Choroid Anterior

\ X Chamber
Optic Nerve /
3 - Cornea

Sphenoidal sinus

omm-y Neurons

Trachea

Left
Macula Stem
Bronchus
Bronchi
Retina ; N ¥ L ¢ : ) . Bronchioles
. Left Lobes

Pleura

Pleural
Fluid
P ¥— Stomach
Upper and lower / y - . \ Diaphragm
esophageal / \
sphincters

Gallbladder / Pylorus

Sphincter
of Oddi

lleocecal 4 ]—Inlerna\ and

valve extgmal anal
sphincters
Koepgen 8 Stanion: Bame and Levy Physialogy, 6t Eaon.
oDyt © 2008 by Mosby, an imprnt of Elsties, In. AR s reserved
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Knowledge Gaps

* Physiological identification of sources of within-
subject variability

* Leveraging model complexity and model
performance

e Model validation due to lack of actual data

- Building confidence in reliability and performance of complicated
mechanism based models

* Understanding glgsiolof%y and pathology in sub
populations, and drug effect on disease
progression and its feedback on PK

* Developing in vivo relevant in vitro testing
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Funded Studies

* GI absorption

- Modernization of in vivo in vitro oral bioperformance prediction and
assessment (University of Michigan)

* Topical and dermal absorption
— University of South Australia, and Simcyp, LTD

* PBPK modeling for ocular dosage forms

- Simulations Plus, Inc., and CFD Research Corporation

* Intranasal computational fluid dynamics (CFD)-
PBPK modeling

- Applied Research Associates, Inc.

* Lung CFD-PBPK absorption modeling

- CFD Research Corporation

* PBPK modeling for complex parenteral injectables
— State University of New York at Buffalo



Improve in vitro dissolution and oral

absorption models

Port Locations:

1. Distal Jejunum/
Proximal lleum

2. Proximal Jejunum

3. Duodenum

4. Stomach

Photo of Multi-Lumen
Gl Tube

Fluoroscopic photo of Gi
tube placement. Shown
are 3 aspiration ports
located in the stomach,
proximal jejunum, and
distal jejunum.
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PK/PD & Pharmacometrics

* Best toolset to capture uncertainty
* Study simulations to assist BE study design

* Clinical trial simulations to assess sensitivity of PD
endpoints

* PK-PD modeling to select the most appropriate PK
metrics for BE assessment

* Exposure-response ana%fsis to help define
acceptance region for BE establishment

* Quantitative approach to define NTIs
e Basis to establish risk based standards

11
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Knowledge Gaps
e Risk-based BE standards

— What is the best BE metrics?
* pAUC needed? Why? When?

* Exposure-response relationship not well understood in NDA cycle
to guide BE metrics selection

- What is the best study design, i.e., long acting injectable products?
- Equivalence of modified release solid oral dosage forms

* Value of replicate design BE studies, pAUC and IVIVC
* Within-subject Variability

- Important for crossover BE study simulations
- Less understood compared to between-subject variability

* Mechanism-based approaches to evaluate
generic substitution issues

12
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Funded PK/PD Studies &
Pharmacometric Grants

* Prospective PK/PD study with metoprolol ER
products (University of Florida)

* Prospective PK/PD study with methylphenidate ER
products (Massachusetts'General Hospital)

* Pharmacometric grant on using population PK/PD
1a\Eproaches to classifty NTI drugs (University o
aryland)

* Pharmacometric grant on evaluating pAUC as BE
metric (University of Utah)

* System-based approach to evaluate generic
substitution issues (University of Florida)

* Pharmacometric M&S to evaluate post-market risk
(University of Maryland)

13
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Tools for Complex Mixtures & Peptides

Peptide-related impurity analysis using LC-HRMS

Using in vitro assays to assess impurities on
iImmunogenicity

Using mathematical modeling to assess equivalence of
complex mixtures based on physicochemical & biological
characterizations

15
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Marketing Surveillance of Generics

Passive Active
surveillance surveillance

Adverse
event Surveys
reports

Substitution
patterns ‘

Electronic
health records

Claims
databases

Real-world
safety

Real-world
effectiveness

Public

perceptions
16
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Understanding safety risk

* Mechanism based: systems pharmacology

e Prediction based: association score & neural
networks

B (in vitro kinase

e, (a0 ) C (adverse event, AE)

A (pharmacokinetics, PK)

1. Collected PK data of

current FDA-approved Kls 1. Literature search to 1. Collected safety data of
summarize inhibitory abilities current FDA-approved Kls

2. Conducted population PK of current FDA-approved Kls

modeling to obtain drug against all kinase targets 2. Standardized each Kl's

exposure results (averaged safety data

concentration)

h 4
Combined the data sets of in vitro kinase inhibition, PK (drug
exposure), AEs

D (combined data sets)

N

E (Models) Modeling the association between AEs and kinase targets

A scheme for oncology AE by J. Liu

17
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A Sample of Funded Safety Surveillance
Grants

Postmarketing Surveillance of Generic Drug Usage and
Substitution Patterns (Brigham & Women’s Hospital)

Postmarketing Surveillance of Generic Drug Usage and
Substitution Patterns (IMPAQ Internationa

Variations in the Physical Characteristics of Generic
Drug Pills and Patients” Perceptions: Surveys of
Pharmacists and Patients (Brigham & Women’s
Hospital)

Post-market Surveillance Evaluation of Authorized
Generic Drug Products (Brigham & Women's Hospital)

Post-market Surveillance Evaluation of Authorized
Generic Drug Products (Auburn University)

Effect of Therapeutic Class on Generic Drug
Substitutions (]%hns Hopkins University)

18
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M&S Impact in OGD

Type N Examples
ANDA 6+ PD modeling and simulation for budesonide nasal
Reviews spray to support the selected dose for BE study.
Development of BE criteria for zolpidem tartrate
CP, CC, ER tablets
and Other 534 Steady state simulations for risperidone long
Consult acting injection
Response Simulation of in vivo alcohol dose dumping
studies
BE o Simulations for the development of BE criteria for
Guidances complex drugs, HVDs and NTI drugs
PK/PD modeling and simulation to determine the
Regulatory

appropriate study design and evaluate BE
between generic anti-epilepsy drugs and
immunosuppressant drugs in patients.

Research 7+
Study

19
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Take Home Message

* For industry and consumer

- M&S provide great value creation for generic
developments and safety surveillance

* For the agencies:

- M&S to be further engaged to inform guidance/policy
development and regulatory decision makings

e For all stakeholders

— M&S is an innovative and effective approach to make
safe and effective generic drugs available to the
American public

20
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Source of figures in this slides

* DPage?2
- http://www?2.lbl.gov/today/2007/Jul/11-Wed/7-11-07.html
- http://www.carbodydesign.com/2010/11/new-level-mako-kit/
- http://www.smoothouse.com/home-design-software-chief-architect.html/home-design-software-www-smoothouse-com-28
- http://news.psu.edu/story/142258/2013/02/06/research/computer-modeling-breaks-new-ground-study-root-architecture
- http://discovermagazine.com/2013/jan-feb/36-new-project-maps-the-wiring-of-the-mind

* DPageb
- http://www.hdwclinic.com/
- http://www.haaretz.com/business/israeli-drug-giant-teva-jacks-up-copaxone-azilect-prices-1.492858
- https://www.pinterest.com/ezhealth/eye-drops/
- pixshark.com
- http://www.pharmtech.com/review-changes-topical-drug-product-classification?rel=canonical
- http://powerlisting.wikia.com/wiki/File:Mathematical_equations.jpg
—  http://www.polytherics.com/optimisation-of-pharmacokinetics

http://learnpkpd.com/2011/03/14/what-is-the-difference-between-individual-and-population-pk

* DPagel4
- http://ai.swu.ac.th/Default.aspx?tabid=5363

- http://www.thakursahib.com/2009/09/business-process-modelling/
—  The bottom figure adopted from Genome Med 1(1):11, 2009.

* Pagelb

- learn.nps.org.au
- http://coursefinder.cardiff.ac.uk/undergraduate/course/detail/B210.html
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